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Lipid-binding proteins are expressed in the glomeruli and cul- terol is endogenously synthesized. Lipid-binding pro-
tured mesangial cells of rat and human kidneys. teins (LBPs), cytosolic proteins with low molecular
Background. The kidney metabolizes actively lipophilic mole- masses (10–20 kDa), are capable of binding lipophilic
cules. Several species of lipid-binding proteins (LBPs) have
molecules and are thought to play important roles in cellbeen well characterized, including fatty acid-binding proteins
signaling pathways involving lipophilic molecules as well(FABPs), acyl-CoA binding protein (ACBP), sterol carrier
protein 2 (SCP2), cellular retinol binding protein (CRBP), and as intracellular trafficking and metabolism of lipids [4,5].
phosphatidylinositol transfer protein (PITP). The family of LBP mainly contains fatty acid binding
Methods. To clarify which LBPs are expressed in isolated protein (FABP), acyl-CoA binding protein (ACBP), ste-
rat glomeruli (RG), cultured rat mesangial cells (RMC) and rol carrier protein 2 (SCP2), cellular retinol binding pro-human kidney, RT-PCR, immunoblot analysis and immunohis-
tein (CRBP) and phosphatidylinositol transfer proteintochemistry were performed.
(PITP). Recently, we reported that heart type (H-)Results. Protein and mRNA expression of heart type (H-)
FABP was found in RMC, but not in RG. Immunohistochemis- FABP was present in distal tubules of rat kidney [6] and
try using antihuman H-FABP antibody revealed that an that H-FABP like protein was distributed in glomerular
H-FABP like protein was present in the capillary wall and capillary walls as well as distal tubules of human kidney
distal tubules of human glomeruli. Immunoblot analysis using [7]. However, whether other LBPs are present in glomer-the antibody showed that a 110-kDa protein related to
uli remains unknown.H-FABP was present in human isolated glomeruli but not in
any other tissues tested including blood, liver, and heart, and
that the 14-kDa protein, H-FABP itself was localized in the METHODSdistal tubules of human kidney. mRNA for SCP2, ACBP and
Normal glomeruli and tubules of rat and human kid-PITP was detected in RG and RMC. CRBP mRNA was de-
tected in RG but not RMC. neys were isolated by the mesh sieving technique. Rat
Conclusions. A variety of lipid-binding proteins are present mesangial cell (RMC) strains were isolated from male
in rat glomeruli. In human glomeruli, a novel 110-kDa H-FABP- WKY rats. Cell passages 3 through 6 were used. Poly-related protein is localized specifically in the capillary wall.
clonal antibodies against human H-FABP (HFPoA) and
rat H-FABP were prepared by subcutaneous immuniza-
tion of rabbit as described previously [6]. After Tricine
The kidney is one of the organs that most actively glycine SDS-PAGE on polyacrylamide (10%) slab gels,
metabolize hydrophobic ligands. Partial segments of immunoblot analysis was performed with a semidry
nephrons rapidly uptake long-chain fatty acids from transfer system (Bio-Rad, USA) and an ECL detection
blood stream, synthesize prostanoids from arachidonic kit, (Amersham, Buckinghamshire, UK).
acid in response to humorous factors, and modulate renal
functions [1]. Diet-induced or endogenous hyperlipid- Analysis of LBP gene expression
emia in animal models of glomerular injury results in Expression of rat H-FABP mRNA was examined by
accelerating the progression of glomerulosclerosis [2]. A Northern blot analysis using rat H-FABP cDNA as a
recent report of O’Donnell and coworkers [3] showed probe. Gene expression of other LBPs were examined
that mesangial cell proliferation is mediated by isopren- with reverse transcriptase-polymerase chain reaction us-
oid products of the mevalonate pathway where choles- ing specific primers.
Immunohistochemistry
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Sections of frozen tissues (1 mm thickness) were stainedbinding protein, cellular retinol binding protein, phosphatidylinositol
transfer protein, glomeruli. by indirect immunofluorescence. Sections of paraffin-
embedded specimens (2 mm thickness) were examined 1999 by the International Society of Nephrology
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Fig. 1. Immunolight micrographs of human kidney with polyclonal antibody against human heart-type fatty acid-binding protein. (A) In glomeruli,
the immunostaining is found in the capillary walls but not in the mesangial area. Frozen sections were not counterstained with hematoxylin and
eosin. (B) In interstitium, the staining is observed in the distal tubules. Sections from the paraffin-embedded specimens were counterstained with
hematoxylin and eosin. Magnification: (A) 3400; (B) 3200.
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Fig. 2. Immunoblot analysis of different tissue homogenates probed with polyclonal antibody against human heart-type fatty acid-binding protein.
Several species of human tissues were obtained from autopsy samples from a single patient. Homogenates (30 mg) of the tissues and a blood
sample (30 mg) were subjected to immunoblot analysis. Lane 1, isolated glomeruli; lane 2, heart; lane 3, isolated renal tubules; lane 4, blood; lane
5, adrenal tissues; lane 6, small intestine; lane 7, lung; lane 8, spleen.
by the streptavidin-biotin-complex/horseradish peroxi- of CRBP mRNA was detected in rat liver and RG, but
dase method. not RMC (data not shown).
RESULTS DISCUSSION
H-FABP and its related protein In the present study, we showed for the first time that
mRNA for H-FABP, SCP2, ACBP, CRBP, and PITP isExpression of H-FABP protein and mRNA was found
expressed variably in rat glomeruli or RCM. Becausein RMC, but not in rat glomeruli (data not shown). Im-
lipophilic molecules, such as retinoic acid, and phosphati-munolight micrography of normal human kidney showed
dylinositol are known to be elements of several cell-to-that the specific staining for H-FABP was observed ex-
cell signaling pathways, these LBPs may modulate lipid-clusively in the capillary walls of glomeruli (Fig. 1A)
mediated signal transduction in mesangial cells andand in the distal tubules of the interstitium (Fig. 1B).
glomeruli [5]. PITP is a requisite component for epider-Immunoblot analysis using HFPoA showed that the im-
mal growth factor signaling [8], while CRBP and reti-munoreactive proteins described above displayed molec-
noids probably participate in the process of smooth mus-ular masses of 110 kDa in the glomerular homogenate
cle cell activation [9]. FABP may modulate the activityand 14 kDa in the tubular homogenate (Fig. 2). Preab-
of peroxisome proliferator-activated receptors owing tosorption of HFPoA by purified H-FABP at the molar
its affinity for long-chain fatty acids, putative ligandsratio of antigen to antibody [50/1] diminished equally
for the receptors, and thereby may influence the genethe immunoreactivities of both the 110- kDa protein in
expression of other LBPs. However, whether or notglomeruli and purified human H-FABP (data not shown),
some pathogenetic relationships between FABP anddemonstrating that the two proteins shared a common
other LBPs exist in progressive renal disease remains toantigen. This unique 110-kDa protein was not able to be
be clarified.immunochemically detected in homogenates from any
We also obtained the interesting finding that a 110-other tissues examined, including liver, heart, skeletal
kDa protein, immunochemically related to humanmuscle, adrenal gland, adipose tissue and small intestine
H-FABP, is confined to the capillary wall in human glo-(Fig. 2), although the 14-kDa protein was detected in
meruli, while H-FABP itself, (14 kDa) was localizedheart and skeletal muscle tissue.
exclusively to the distal tubules, from the thick ascending
Other lipid-binding proteins loop of Henle to collecting ducts. The distribution of
H-FABP (14 kDa) in the human kidney is consistentExpression of mRNA for ACBP, SCP2 and PITP was
detected in rat liver, RG, and RMC, while expression with our previous report that H-FABP is present in the
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is observed. It is intriguing that a 100-kDa ion channel
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